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This application is based on and claims priority under 35 U.S. C. § 119(e) 
with respect to U.S. Provisional Patent Application No. 60/111,568 filed on 
December 9, 1998. 

FIELD OF THE INVENTION 

The present invention generally relates to a pressing apparatus for forming 
food service paperboard articles. More particularly, the present invention pertains 
to an apparatus for press forming food service paperboard container products such 
as plates, bowls, trays and platters. 

BACKGROUND OF THE INVENTION 

U.S. Patent No. 4,721,500, U.S. Patent No. 4,609,140, U.S. Patent No. 
4,721,499, U.S. Patent No. 5,088,640, U.S. Patent No. 5,326,020, U.S. Patent 
No. 4,832,676 and U.S. Patent No. 4,606,496 describe processes and apparatus 
for forming food service paperboard container products such as paper trays, plates 
and the like from a paperboard blank, and food service paperboard container 
products formed from such processes and apparatus. The patents describe that the 
paperboard blank is formed into the desired paperboard container product through 
use of a pressing apparatus that applies heat and pressure to the paperboard blank. 

The apparatus typically used in the disclosed process includes an upper die 
and a lower die. In practice, both the lower die and the upper die are heated by a 



heating mechanism in the form of one or more electrically resistive ring heaters. 
Ring heaters are commonly used because they are relatively inexpensive. 
Typically, the lower die is provided with a pair of nested ring heaters or a single 
ring heater, while the upper die is outfitted with either a pair of nested ring 
heaters or a single ring heater, depending upon the particular product being 
formed. Quite often, the heat requirements related to the way in which the 
paperboard container products are formed necessitate that at least two ring heaters 
be provided in both the upper die and the lower die. 

Fig. 1 illustrates a pair of nested ring heaters similar to those used in the 
apparatus for press forming paperboard blanks into paperboard container products. 
As can be seen from Fig. 1, the pair of nested ring heaters includes an annular 
outer ring heater 60 and an annular inner ring heater 62, with the inner ring heater 
62 being nested within the outer ring heater 60. The pair of nested ring heaters 
60, 62 is fitted inside a cavity in the lower die. As mentioned above, the upper 
die can be provided with a similar pair of nested ring heaters, or it can be outfitted 
with only a single ring heater, depending upon the requirements of a particular 
system. 

Ring heaters can be purchased as off-the-shelf items from a suitable 
supplier. However, to produce food service paperboard articles in the manner 
described in the aforementioned patents, significantly high temperatures are 
required and this necessitates that the ring heaters possess a very high wattage. 
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Thus, for these applications, it is typically necessary to special order the ring 
heaters having the desired wattage, as well as the desired size, voltage and/or 
terminations. 

As can be further seen from Fig. 1, the outer ring heater 60 includes a pair 
5 of terminals 70 and the inner ring heater 62 also includes a pair of terminals 72. 
Typically, the terminals 70 on the outer ring heater 60 are connected to the power 
source, and an electrical connection is then made between the pair of terminals 70 
on the outer ring heater 60 and the pair of terminals 72 on the inner ring heater 
62. 

10 It has been found that a cold spot (lower temperatures) typically exists in 

the region of the terminals 70, 72 due to the terminal connections which means 
that a cold spot will also exist in the die in the region of the pressing surface 
corresponding to the locations of the terminals 70, 72. Thus, to avoid a cold spot 
in the die and provide generally uniform heating around the entire circumference 

15 of the heater mechanism defined by the pair of ring heaters 60, 62, it is desirable 
that the pair of terminals 70 on the outer ring heater 60 be offset 180° with respect 
to the pair of terminals 72 on the inner ring heater 62. In practice, this has been 
found to be somewhat problematic in that the wire that connects the pair of 
terminals 70 on the outer ring heater 60 to the pair of terminals 72 on the inner 

20 ring heater 62 can run excessively hot in the enclosed die cavities, resulting in 

wire insulation degradation and failure due to the wires shorting to ground. Thus, 
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it is common in practice to position the inner and outer ring heaters 60, 62 in the 
manner illustrated in Fig. 1 so that the terminals 70, 72 can be connected together 
with an electrical buss bar or the like. This connection is not susceptible to the 
same type of failure mentioned above. However, this orientation of the two ring 
5 heaters 60, 62 creates a cold spot at the place where the terminals 70, 72 are 

located. This thus creates a temperature differential around the circumference of 
the die. By virtue of this arrangement of the nested ring heaters 60, 62, it has 
been found that a temperature differential of up to approximately 30°F - 40°F can 
exist between the portion of the die forming surface corresponding to the location 

10 of the terminals 70, 72 and the diametrically opposite portion of the die forming 
surface that is offset 180°. From the standpoint of carrying out the method 
described in the aforementioned patents, this temperature differential can be quite 
significant and rather problematic. 

It has also been found that the wires used to connect the outer ring heater 

15 60 to the power source have a tendency to break. It is believed that this is due at 
least in part to the fact that the wire is connected directly to the ring heater 60 and 
passes thru part of the hot enclosed die cavity resulting in wire degradation. 
Further, the cycling/movement of the press apparatus can result in wire breakage 
due to repetitive flexing. The relatively high temperature at which the ring heaters 

20 are operated may also contribute to this problem. 
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A further problem associated with the use of ring heaters in the context of 
the pressing apparatus described in the aforementioned patents for press forming a 
paperboard blank into a food serving paperboard container product involves the 
significant discrepancy between the wattage ratings of the ring heaters and the 
5 wattage needed to perform the pressing operation. To carry out the press forming 
operation described in the aforementioned patents, a relatively high die surface 
temperature in the range of about 280°F-400°F is typically required. Further, the 
press forming apparatus must be capable of high speed production. The wattage 
needed to carry out the process described in the aforementioned patents (i.e., to 

10 achieve the necessary temperature on the die surfaces) at the high speed 

production required for commercial practice is much higher than the wattage for 
which the ring heaters 60, 62 are rated. The pressing apparatus is typically 
designed in a way that only permits the use of ring heaters of a certain size and so 
it is not a truly viable option to simply use larger ring heaters rated at a higher 

15 wattage. Given the limitations imposed by the current design of the pressing 

apparatus, the ring heaters that are capable of being used in the pressing apparatus 
have power wattage ratings on the order of 300-1200 watts. However, during 
operation of the pressing apparatus in the manner necessary for carrying out the 
process described in the aforementioned patents, the ring heaters are typically run 

20 at a much higher wattage, on the order of 1500 watts - 5000 watts. Operating the 
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ring heaters at levels such as these that greatly exceed the wattage ratings of the 
heaters significantly reduces the life of the ring heaters. 

The ring heaters 60, 62 illustrated in Fig. 1 also suffer from certain 
disadvantages and drawbacks by virtue of the way in which they are constructed. 

5 Fig. 2 A illustrates the outer ring heater 60 in cross-section. As seen in Fig. 2A, 
the ring heater 60 includes an outer sheath defined by a generally U-shaped 
portion 74 and a plate-like cover 76. The U-shaped portion 74 and the cover 76 
are commonly made of steel, aluminized steel or incoloy alloy stainless steel. The 
U-shaped portion 74 includes a bottom wall 84 and a pair of upstanding sidewalls 

10 82 whose upper ends are bent inwardly towards one another. The cover 76 is then 
secured to these inwardly bent ends of the upstanding sidewalls 82. Positioned 
within the sheath 74, 76 is a coiled wire 78 that is surrounded by a refractory 
material 80. The wire 78 is commonly made of nichrome steel to obtain the 
required electrical resistance. The refractory material 80 is commonly magnesium 

15 oxide powder which is compressed during ring heater production. 

The difficulties associated with this ring heater construction is that the 
magnesium oxide refractory material 80 has an affinity for water. During use of 
the ring heater as the ring heater is heating up, the Incoloy sheath 74, 76 can 
expand and distorts so that small spaces are created in the area where the cover 76 

20 is secured to the inwardly bent ends of the sidewalls 82. Water is thus able to 

infiltrate into the magnesium oxide refractory material 80 during ring heater cool 
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down. As the ring heater becomes hot during subsequent heating, the water that 
has infiltrated into the magnesium oxide refractory material will become heated, 
thus creating steam pressure that distorts the configuration of the Incoloy sheath. 
Ideally, it is preferred that the bottom wall 84 be as flat as possible to provide the 

5 largest contact area with the facing bottom surface of the recess in the die. If 
water infiltrates the magnesium oxide refractory material and ultimately is 
transformed into steam pressure that distorts the sheath, it has been found that the 
bottom wall 84' of the Incoloy sheath tends to distort and take on a curved 
configuration as shown in Fig. 2B. This curved bottom wall 84' creates a non-flat 

10 heating surface which means a significant loss of contact area with the die, thus 
causing inadequate non-uniform heating. Also, this can significantly reduce the 
conductive heat transfer to the die. This is part of the reason why the ring heaters 
need to be operated at a wattage significantly higher than the wattage rating of the 
ring heaters. 

15 A further difficulty associated with the aforementioned distortion of the 

ring heater is that it places further strain on the operational rating of the ring 
heater. Typically, the upper and lower dies in which the pair of nested ring 
heaters are positioned include respective thermocouple probes that measure the 
temperature near the surfaces of the upper and lower dies to determine the 

20 operating parameters of the respective ring heaters. When the thermocouple 
detects that the temperatures are too low, the ring heaters are turned on at full 
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wattage for time proportioned periods regulated by a temperature controller. 
When the bottom wall 84' of the ring heater distorts in the manner illustrated in 
Fig. 2B, heat is not effectively transferred to the die and so the thermocouple 
senses that the die heating surfaces are not hot enough. This causes the ring 

5 heaters to be run at full wattage and higher temperatures for longer time periods, 
thus creating further operational problems and significantly reducing the operating 
life of the ring heaters. 

The ring heaters typically used in the pressing apparatus for carrying out 
the process described in the aforementioned patents are typically rated at 240 

10 volts. If it is necessary to use a higher voltage, the length of wire wound in the 
ring heater can be increased. However, because of the size limitations associated 
with the construction of the lower and upper dies, it is difficult to use a larger ring 
heater having an increased amount of wound wire. The other alternative for 
achieving the higher voltage is to use thinner wire or wire having a reduced 

15 diameter and higher electrical resistance. Unfortunately, it has been found that 

this makes the wire particularly susceptible to breakage or other damage due to the 
operating conditions associated with pressing apparatus, namely the repetitive 
pounding and impacting, and the high temperatures. 

From the foregoing, it is apparent that the use of ring heaters as the heat 

20 source for heating the pressing surfaces of a pressing apparatus that is designed to 
press form paperboard blanks into paperboard container products presents a 



variety of disadvantages and drawbacks that have a tendency to reduce the useful 
life of the ring heaters. This thus requires that they be replaced on an excessively 
frequent basis. The need for repairing or replacing damaged ring heaters and/or 
ring heater wires also presents a further significant problem relating to 
productivity. As noted above, each die set consisting of an upper die and a lower 
die typically includes three or four ring heaters, two ring heaters in the lower die 
and one or two ring heaters in the upper die. Typically, there are 4-7 die sets per 
press so that 4-7 paperboard container products can be produced during each cycle 
of the press. Thus, there are approximately 12-28 ring heaters per press. If one 
ring heater or ring heater wire breaks down or fails, the entire press has to be 
stopped so that the ring heater or wire can be replaced. This of course shuts down 
all of the other die sets in the press which can have a significant adverse impact on 
productivity. If the press is operating at full capacity, shutting down the press for 
even a relatively short period of time necessarily results in a significant reduction 
in production. If it is necessary to increase production at another facility (or at the 
same facility assuming the affected press is not operating at full capacity) to make 
up for the press down-time, it may be necessary to incur added expense (e.g., 
overtime for the press operators), thus further increasing the costs associated with 
making paperboard container products. 
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In light of the foregoing, a need exists for a pressing apparatus that is able 
to press form a paperboard blank into a food service paperboard container without 
the disadvantages and drawbacks associated with current apparatus. 

A need also exists for such a pressing apparatus that is not susceptible to 
5 the excessive amount of operational difficulties and manufacturing downtime as 
current pressing apparatus. 

It would also be desirable to provide a pressing apparatus that provides a 
more efficient heat transfer to the die to negate the need for operating the heater at 
an excessively high wattage. 



10 SUMMARY OF THE INVENTION 

In light of the foregoing, one aspect of the present invention includes a 
pressing apparatus for producing a food service paperboard container from a 
paperboard blank so that the paperboard container possesses an overturned rim 
provided with folds. The apparatus includes a first die and a second die that are 
15 movable relative to one another. The first die includes a first base and a first 

platform that is movable with respect to the first base, with the first base having a 
curved surface for engaging the outer periphery of the paperboard blank. The 
second die is positioned in opposing relation to the first die and includes a second 
base and a second platform that is movable with respect to the second base. The 
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second die is movable with respect to the first die and the second base has a 
curved surface for engaging the outer periphery of the paperboard blank so that 
the outer periphery of the paperboard blank is pressed between the curved surface 
of the first base and the curved surface of the second base. A first cast-in heater is 

5 mounted within a recess in the first die and includes a tubular heating element 
comprised of an electrically insulated resistor wire and metal casing or housing 
embedded within a thermally conductive cast- in material. A second cast-in heater 
is mounted within a recess in the second die and includes a tubular heating 
element comprised of an electrically insulated resistor wire and metal casing or 

10 housing embedded within a thermally conductive cast-in material. 

Another aspect of the invention involves a pressing apparatus for pressing 
a paperboard blank to produce a food service paperboard container having an 
overturned rim provided with folds. The apparatus includes a first die having a 
curved pressing surface and a second die positioned in opposing relation to the 

15 first die and having a curved pressing surface. At least one of the first and second 
dies is movable relative to the other so that the outer periphery of the paperboard 
blank is pressed between the curved pressing surface of the first die and the 
curved pressing surface of the second die. At least one cast-in heater is mounted 
either the first die or the second die to heat the pressing surface of the respective 

20 die. 
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BRIEF DESCRIPTION OF THE DRAWING FIGURES 

The features and characteristics associated with the present invention will 
become more apparent from the following detailed description considered with 
reference to the accompanying drawing figures in which like elements are 
designated by like reference numerals and wherein: 

Fig. 1 is a plan view of a nested pair of ring heaters typically used in 
pressing apparatus that press form a paperboard blank into paperboard container 
products; 

Fig. 2 A is a cross-sectional view of one of the ring heaters shown in Fig. 

l; 

Fig. 2B is a cross-sectional view similar to Fig. 2A, but illustrating the 
ring heater when the bottom wall of the sheath has been distorted; 

Figs. 3A-3D are perspective views of examples of various types of food 
serving paperboard container products that can be made employing the heater 
device of the present invention; 

Fig. 4 is a cross-sectional view of a portion of one possible food serving 
paperboard container product shown in Fig. 3 A taken along the section line 4-4; 

Fig. 5 is a cross-sectional view of a portion of one example of a pressing 
apparatus in which the heater device of the present invention can be employed; 

Fig. 6 is a simplified schematic illustration of the pressing apparatus shown 
in Fig. 5 illustrating how the heater device of the present invention is mounted; 
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Fig. 7 is a general cross-sectional view of the heater device according to 
the present invention that is employed in the heating apparatus; 

Fig. 8 is a perspective view of the tubular heating element employed in the 
heater device of the present invention; 

Fig. 9 is a plan view of one preferred version of the cast-in heater 
according to the present invention; 

Fig. 10 is a side view of the cast-in heater shown in Fig. 9; 
Fig. 11 is a plan view of another preferred version of the cast-in heater 
according to the present invention; 

Fig. 12 is a side view of the cast-in heater shown in Fig. 11; 
Fig. 13 is a plan view of a cast-in heater according to the present invention 
mounted in an upper die; 

Fig. 14 is a cross-sectional view of the die and cast-in heater shown in Fig. 

13; 

Fig. 15 is an enlarged cross-sectional view of the wire connection usable in 
conjunction with the various versions of the cast-in heater according to the present 
invention; 

Fig. 16 is a graph illustrating temperature data at various parts of a press 
forming apparatus employing ring heaters during production and shutdown of the 
apparatus; 
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Fig. 17 is a graph illustrating temperature data at various parts of a press 
forming apparatus employing ring heaters during standard heat-up of the 
apparatus; 

Fig. 18 is a graph illustrating temperature data at various parts of a press 
5 forming apparatus employing cast-in heaters during production and shutdown of 
the apparatus; 

Fig. 19 is a graph illustrating temperature data at various parts of a press 
forming apparatus employing cast-in heaters during standard heat-up of the 
apparatus; 

10 Fig. 20 is a table setting forth the results of a break-even analysis involving 

the replacement of ring heaters with cast-in heaters in a three ring heater system; 

Fig. 21 is a table setting forth the results of a break-even analysis involving 
the replacement of ring heaters with cast-in heaters in a four ring heater system; 
Fig. 22 is a graphical illustration of the analysis results set forth in the tables 
15 of Figs. 20 and 21. 



DETAILED DESCRIPTION OF THE INVENTION 

The pressing apparatus according to the present invention is specifically 
adapted for use in press forming paperboard blanks into paperboard container 
products such as paper trays, plates, bowls, platters and the like from a 
20 paperboard blank through the application of heat and pressure to the paperboard 
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blank. U.S. Patent No. 4,721,500, U.S. Patent No. 4,609,140, U.S. Patent No. 
4,721,499, U.S. Patent No. 5,088,640, U.S. Patent No. 5,326,020, U.S. Patent 
No. 4,832,676 and U.S. Patent No. 4,606,496, the entire content of each of which 
is incorporated herein by reference, describe methods of press forming paperboard 
5 blanks into paperboard container products as well as apparatus used to form such 
paperboard container products and paperboard container products formed by such 
methods and apparatus. The pressing apparatus of the present invention is 
designed to be used to carry out these methods and produce these products. 
Before looking specifically at the heater device of the present invention that is 
10 used in a pressing apparatus, a brief description of the general method used to 
press form a paperboard blank into a paperboard container product will be 
described. 

As seen with reference to Fig. 3 A, one example of a paperboard container 
product that can be press formed through use of the apparatus and method of the 

15 present invention is a plate 10 having a substantially flat circular bottom wall 
portion 11, an upturned side wall portion 12, and an overturned rim portion 13 
extending from the sidewall. The plate portions 11, 12, 13 are formed integrally 
with one another. It is to be understood that plate shapes other than that shown in 
Figs. 3 and 4 can be produced, such as plate shapes similar to those shown in the 

20 aforementioned U.S. patents. 
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As best seen in Fig. 4, the flat bottom wall portion 11 of the plate extends to 
about the position in the plate denoted at 15 at which the sidewall 12 begins rising 
upwardly. The upturned sidewall 12 terminates at about the position marked 16 in 
Fig. 4 at which the paperboard begins to curve over and down about a smaller 
radius to form the overturned rim 13 which terminates at a peripheral rim edge 
17. 

As described in U.S. Patent No. 4,609,140, the rim 13 serves a variety of 
advantageous purposes in the paperboard product. The rim provides an 
esthetically pleasing appearance, while at the same time, providing a generally 
lateral area for gripping by the user when carrying the plate. Perhaps most 
importantly, the rim 13 imparts rigidity and bending resistance characteristics to 
the plate when the plate is held by a user. As further described in the 
aforementioned U.S. Patent No. 4,609,140, the paperboard plate 10 is formed 
from a unitary flat blank of paperboard stock, either scored or unscored. Thus, 
during formation of the paperboard container product from the flat blank of 
paperboard stock, the flat blank of paperboard stock must undergo folding in the 
sidewall 12 and the rim 13. The resulting fold lines are shown for purposes of 
illustration at 20 in Fig. 3 A. 

To form the flat blank of paperboard stock into the paperboard plate shown 
in Figs. 3 and 4, a die set or pressing apparatus similar to that illustrated in Fig. 5 
can be employed. The die set includes a metal press ware die set defined by an 
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upper die 25 and a lower die 26 which are adapted to press a flat, circular 
paperboard blank 27 into the configuration of the plate 10 shown in Fig. 3A. To 
allow the paperboard blank 27 to be held and subsequently shaped by the die set 
shown in Fig. 5, the upper and lower dies are segmented. 
5 The lower die 26 possesses a circular base portion 29 and a central circular 

platform 30 which is mounted to be movable with respect to the base portion 29. 
The platform 30 is cam or pneumatically operated in a conventional manner and 
urged towards a normal position such that its flat top forming surface 31 is located 
initially above the forming surfaces 32 of the base 29. The platform 30 is adapted 

10 to be moved relative to the base 29, with the entire base 29 itself being mounted 
in a conventional manner on springs or a hydraulic cylinder (not shown). The 
paperboard blank 27 is adapted to be very tightly pressed at the peripheral rim 
area during the press forming operation and so it may be difficult for moisture in 
the paperboard which is driven therefrom during pressing to readily escape. To 

15 facilitate the release of this moisture, at least one circular groove 33 can be 
provided in the surface 32 of the base, with this groove 33 venting to the 
atmosphere through a passageway 34. The lower die may also be provided with a 
spring-biased circular clamp ring 26'around the base portion 29, which retracts 
during pressing, to further control the paperboard blank formation into the final 

20 plate product. 
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The top die 25 is also segmented into an outer ring portion 35, a base 
portion 36 and a central platform 37 having a flat forming surface 38. The base 
portion has curved, symmetrical forming surfaces 39 and the outer ring possesses 
curved forming surfaces 40. The central platform 37 and the outer ring 35 are 
5 slidingly mounted to the base 39 and biased by springs or hydraulic cylinder (not 
shown) to the normal position shown in Fig. 5 in a commercially conventional 
manner. The die 25 is mounted for reciprocating movement towards and away 
from the lower die 26. 

During the pressing operation, the blank 27 is laid upon the flat forming 

10 surface 31, generally underlying the bottom wall portion 11 of the plate to be 

formed. The forming surface 38 first makes contact with the top of the blank 27 
to hold the blank in place as the forming operation begins. Further downward 
movement of the die 25 brings the spring biased forming surfaces 40 of the outer 
ring 35 into contact with the edges of the blank 27. This thus begins to shape the 

15 edges of the blank over the underlying surfaces 32 in the areas which will define 
the overturned rim 13 of the finished plate. However, because the ring 35 is 
spring biased, the paperboard material in the rim area is not substantially 
compressed by the initial shaping. This is because the force applied by the 
forming surfaces 40 is relatively light and limited to the spring force applied to the 

20 ring 35. Eventually, the die 25 moves sufficiently far down so that the platform 
segments 30, 37 and the ring 35 are fully compressed such that the adjacent 
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portions of the forming surfaces 38, 39 are coplanar and the adjacent portions of 
surfaces 39, 40 are coplanar, and similarly that the forming surface 31 is coplanar 
with the adjacent portion of the forming surfaces 32. The upper die 25 continues 
to move downwardly and thus drives the entire lower die 26 downwardly against 
5 the force of the springs or hydraulic cylinder which support the die 26. At the full 
extent of the downward stroke of the upper die 25, the dies exert a force on each 
other, through the formed blank 27 which separates them, which is equal to the 
force applied by the compressed springs or hydraulic cylinder supporting the die 
26. Thus, the amount of force applied to the formed blank 27 and distributed over 

10 its area can be adjusted by changing the length of the stroke of the upper die 25 or 
hydraulic cylinder pressure. 

Fig. 6 schematically illustrates the upper and lower dies corresponding to 
the upper and lower dies 25, 26 described above and shown in Fig. 5, except that 
the heated pressing surfaces for forming the paperboard product container are 

15 illustrated in Fig. 6 in a simplified manner for purposes of ease in understanding. 
It is to be appreciated that the upper and lower dies 25, 26 may have a 
construction that is similar to that shown in Fig. 5. It is to be understood that the 
heater device of the present invention can be used in a variety of different pressing 
apparatus that are specifically adapted to form food service paperboard container 

20 products, including those apparatus described in the aforementioned patents. 

Thus, as person skilled in the art will readily recognize, the pressing apparatus in 
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which the heater device of the present invention is employed can have 
configurations different from that shown in Fig. 5, depending upon a variety of 
factors such as, for example, the shape and configuration of the paperboard 
container product being formed. 

The upper die 25 is provided with a recessed area 100 for receiving a heater 
device in accordance with the present invention. Similarly, the lower die 26 is 
provided with a recessed area 102 for receiving a heater device in accordance with 
the present invention. 

The heater device 110 used in the paperboard product container pressing 
apparatus of the present invention is illustrated in Fig. 7 and is in the form of a 
cast-in heater. It is to be understood that the illustration in Fig. 7 represents an 
enlarged depiction of the heater device or cast-in heater 1 10 of the present 
invention. The cast-in heater 110 illustrated in Fig. 7 is actually sized, 
dimensioned and configured to fit within the recesses 100, 102 in the upper and 
lower dies 25, 26. 

As mentioned above, the heater device 1 10 of the present invention is in the 
form of a cast-in heater. The cast-in heater 110 includes a tubular element or 
heating element 112 that is embedded within a cast-in material 114. The cast-in 
material is a thermally conductive material, preferably a ferrous or non-ferrous 
based alloy including an iron-based alloy, an aluminum-based alloy, a copper- 
based alloy, a magnesium-based alloy, a nickel-based alloy or a titanium-based 
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alloy. The cast-in heater 110 is fabricated by placing the heating element 112 
within a mold in which is then cast the cast-in material. 

As seen in Fig. 8, the heating element 112 includes an outer sheath 116, and 
a helically coiled resistor wire 118. The opposite ends of the resistor wire 118 are 

5 each connected to a respective terminal pin 120, only one of which is shown in 
Fig. 8. The sheath 116 is commonly produced from steel or Incoloy alloy 
stainless steel materials. The resistor wire 118 is commonly made from nickel- 
chromium (nichrome) metal. The resistor wire 118 forms an internal electrical 
resistive element that is bent or wound to a predetermined length and pattern to 

10 obtain the necessary heating wattage and uniformity for the cast-in heater. The 
helically coiled resistor wire 118 and the terminal pin 120 are positioned within 
the sheath 116. In addition, a compacted refractory material 122 is packed within 
the sheath 116 so as to tightly surround the helically coiled resistor wire 118 and 
the terminal pin 120. The refractory material is typically magnesium oxide. 

15 It is to be understood that the sheath 116 can be made of a material other 

than Incoloy, such as steel or copper, for example. The resistor wire 118 is 
preferably welded or otherwise joined to the terminal pin 120 to assure a positive 
connection. The resistor wire 118 is also centered within the sheath 116 and 
insulated by the compacted magnesium oxide refractory material which functions 

20 as an electrical insulator. This material rapidly conducts heat from the coiled 

resistor 118 to the sheath 116 so that the heat can then be transferred to the cast-in 
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material 114 in which is embedded the heating element 112. The final casting can 
then be machined for mounting and clearance holes, and also finished to provide 
good thermal contact between the heater and the upper/lower die. 

The ends of the sheath 116 can be sealed around the terminal pin 120 outside 
5 the cast-in heater through the use of a moisture resistant potting material (e.g. , 
silicone or epoxy resin) to provide an outside wire connection that prevents the 
ingress of the water into the cast-in heater. The tubular element extends outside 
the die set, with the terminal pins 120 each being connected to a wire to provide 
the necessary electrical connection. 

10 Figs. 9 and 10 illustrate features associated with a preferred form of the 

cast-in heater according to the present invention. This cast-in heater 200 is 
constructed to be used in existing dies having a pair of ring heaters, although the 
cast-in heater 200 can be used in other contexts as well. The cast-in heater 200 
includes cast-in material 202 (i.e., a thermally conductive material, preferably a 

15 ferrous or non-ferrous based alloy including an iron-based alloy, an aluminum- 
based alloy, a copper-based alloy, a magnesium-based alloy, a nickel-based alloy 
or a titanium-based alloy) and a heating element similar to that described above 
and shown in Figs. 7 and 8 which is comprised of a helically coiled resistor wire 
enclosed within an outer sheath. The cast-in heater 200 is provided with a 

20 plurality of mounting holes 204 that allow the cast-in heater to be mounted and 
secured in place in the die. The mounting holes 204 may be positioned for 
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alignment with existing holes in an existing press forming apparatus (e.g., holes 
previously used to secure a clamp plate for holding the ring heaters in place), thus 
allowing the cast-in heater to be mounted in an existing press forming apparatus 
without modification. 

5 The cast-in heater is also provided with a pair of threaded holes 206 that are 

adapted to receive threaded bolts. The purpose of the threaded bolts is to allow 
the cast-in heater to be more easily removed from the die. By threading screws 
into the threaded holes 206, an individual can grasp the screws and pull the cast- in 
heater out of the die. A centrally located through hole 208 is provided in the cast- 

10 in heater to accommodate certain parts of the die in which the cast-in heater is 
mounted as will be described in more detail. 

The cast-in heater also includes a pair of outside wire connections that are 
adapted to be connected to a power source. These outside wire connections are 
connected to the terminals 210 of the heating element that is embedded within the 

15 cast-in material 202. Although Fig. 9 illustrates an outside wire connection 

connected to one of the heating element terminals 210, it is to be understood that a 
similar outside wire connection is also provided at the other heating element 
terminal 210. As seen in Fig. 10, the two terminals 210, 210, and thus the two 
outside wire connections 212, are located at different levels. This allows a greater 

20 length of the heating element to be located within the heater, thus also increasing 
the wattage. 



-24- 

Figs. 11 and 12 show another preferred form of the cast-in heater 220. This 
cast-in heater is constructed to be used in existing dies having only a single ring 
heater, although the cast-in heater 220 can be used in other contexts as well. The 
cast-in heater 220 shown in Figs. 11 and 12 includes cast-in material 222 as well 
5 as the heating element similar to that shown in Fig. 8 that is embedded within the 
cast-in material. 

The version of the cast-in heater shown in Figs. 11 and 12 includes a 
plurality of mounting holes 224 for mounting the cast-in heater in the die, several 
threaded holes 226 that are adapted to receive threaded screws for facilitating 

10 removal of the cast-in heater 220 from the die and a centrally located through hole 
228 for accommodating working portions of the die. Further, the cast-in heater 
220 includes an outside wire connection 232 connected to each of the terminals 
230, 230 of the heating element. Although Fig. 11 illustrates an outside wire 
connection 232 connected to one of the heating element terminals 230, it is to be 

15 understood that a similar outside wire connection is also provided at the other 
heating element terminal 230. The outside wire connections 232 are similar to 
those described above in connection with the embodiment illustrated in Figs. 9 and 
10, except that the outside wire connections 232 are located at the same level. 
Figs. 13 and 14 illustrate a cast-in heater in accordance with the present 

20 invention mounted in a die of a die set. In the illustrated embodiment, the die is 
the upper punch die. The die 240 includes a forming surface 242 on one face of 
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the die and a cavity 244 on the opposite face of the die. The die is also provided 
with a knockout punch 246 that is spring biased by way of a spring 248. The 
spring 248 is biased between the knockout punch 246 and a plate 250 that is 
secured to the cast-in heater 260 by way of several screws 252. The spring 248 
5 biases the knockout punch 246 in a direction that causes the front surface of the 
knockout punch 246 to extend beyond the forming surface 242 of the die 240. As 
an alternative to spring biasing the knockout punch 246, it is also possible to 
eliminate the spring and allow the knockout punch 246 to operate by gravity. 
The movement of the knockout punch 246 is limited by a stopper 254 that is 

10 secured to a reduced diameter portion of the knockout punch 246 for engaging the 
bottom of the cavity 244. As illustrated in Figs. 13 and 14, the top surface of the 
die 240 is also provided with a pair of recesses 256, 258 that are adapted to 
receive air tubing, the purpose of which will be described in more detail below. 
The cast-in heater 260 is constructed in a manner similar to that described 

15 above in connection with the various other versions of the cast-in heater, and 

includes an outside wire connection 264 connected to each of the terminals 262, 
262 of the heating element that is embedded within the cast-in material. Although 
Fig. 13 only illustrates an outside wire connection 264 connected to one of the 
heating element terminals 262, it is to be understood that a similar outside wire 

20 connection is provided at the other heating element terminal. 
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The cast-in heater is provided with a plurality of mounting holes 266 for 
mounting the cast-in heater 260 within the cavity 244 of the die 240. A central 
hole 268 is provided in the cast-in heater to accommodate the knockout punch 
246. The upper surface of the cast-in heater 260 is provided with a recess 270 
5 that opens towards the side of the upper die surface at which is located the two 

recesses 256, 258. This recess 270 in the upper surface of the die 260 is designed 
to accommodate a pair of air tubes 272, 274. 

One of the air tubes 272 is situated in the recess 256 in the upper die 
surface, extends across the recess 270 in the upper heater surface and is then 

10 angled downwardly where it extends through a through hole 276 in the cast-in 
heater and into a communicating through hole 278 in the upper die as shown in 
Fig. 14. The other air tube 274 is situated in the other recess 258 in the upper die 
surface, extends across the recess 270 in the upper heater surface, and then 
extends downwardly through a hole 280 in the cast-in heater and into a 

15 communicating hole 282 in the upper die as also shown in Fig. 14. 

As can be seen from Fig. 14, the air tubes 272, 274 extend into the upper 
die 240 and terminate towards the region adjacent the periphery of the knockout 
punch 246. It has been found in some applications that once the container has 
been pressed formed, the just-formed container may have a tendency to not fall 

20 freely away from the forming surface 242 of the die 240. When the upper die is 
lifted away from the lower die, the biasing force of the spring 248 or gravity 
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moves the knockout punch 246 into engagement with the just-formed container to 
separate the just-formed container from the forming surface. It has been found, 
however, that the force associated with the knockout punch may not always be 
sufficient to quickly separate the just-formed container from the forming surface 
5 242 of the die 240. Air is thus conveyed through the air tubes 272, 274 to 

provide an additional mechanism for separating the just-formed container from the 
forming surface. 

Fig. 15 illustrates in more detail an example of one outside wire connection 
that is suitably used in connection with the various embodiments of the cast-in 

10 heater described above to connect the heating element terminal to the power 
source. The wire connection is advantageously designed to minimize wire 
breakage while also providing safety against electrical shock. The outside wire 
connection 300 includes a standard stranded electrical wire 302 that is soldered at 
304 to the pin 306 of the heating element. The pin 306 corresponds to the pin 120 

15 described above and illustrated in Fig. 8. An insulation sleeve 308 surrounds the 
pin 306, the solder connection 304 and a portion of the electrical wire 302. A 
tubular metal connector 310 surrounds the insulation sleeve 308 and is fixed to the 
heating element terminal 312 extending out of the cast-in material 298 of the cast- 
in heater 296. The stainless steel overbraid mesh 314 overlaps a portion of the 

20 tubular metal connector 310, surrounds the end portion of the insulation sleeve 
308, and surrounds a portion of the electrical wire 302. A crimp sleeve 316 is 
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fitted over the portion of the stainless steel overbraid mesh 314 that overlaps the 
tubular metal connector 310. The crimp sleeve 316 is then crimped to secure 
together the stainless steel overbraid mesh 314 with the tubular metal connector 
310. As mentioned above, by virtue of this construction, the potential for wire 

5 breakage is minimized by virtue of this construction. In addition, this wire 

connection is relatively safe against electrical shock. It is to be understood that 
although Fig. 15 shows the wire connection applied to only one of the heating 
element terminals 312, a similar wire connection is provided on the other heating 
element terminal 312. Other electrical connection techniques can be 

10 advantageously employed. 

Figs 3B-3D illustrate examples of other types of paperboard containers that 
can be fabricated using the press forming apparatus of the present invention. Fig. 
3B illustrates a tray type of container, Fig. 3C illustrates a plate type of container, 
and Fig. 3D illustrates a bowl type of container. It is to be understood that other 

15 types of containers are also possible. 

It has been found that a single cast-in heater in accordance with the present 
invention can be used to replace two nested ring heaters. Because of the tubular 
construction of the heating element that is embedded within the cast-in material, 
the ingress of water into the cast-in heater is highly unlikely to occur. Thus, the 

20 distortion problems described above and illustrated in Fig. 2B are not likely to 
arise. It is thus possible to maintain much flatter surfaces on the cast-in heater. 



-29- 

Consequently, the cast-in heater need not run at such high wattage as the ring 
heaters. In fact, the cast-in heaters can be operated at significantly lower wattage, 
while still achieving the necessary temperature at the die surface. The superior 
heat transfer properties of the cast-in heaters versus ring heaters contribute to this 
5 ability to achieve the necessary temperature of the die surface while being able to 
operate the cast-in heaters at a lower wattage. 

Figs. 16-19 illustrate in graphical terms the significant benefits associated 
with the use of cast-in heaters in accordance with the present invention. The 
graphs in Figs. 16 and 17 provide temperature versus time data at various 

10 locations of a press forming apparatus employing ring heaters. The press forming 
apparatus employing ring heaters required a total of three ring heaters, two on the 
lower die and one on the upper die. The graphs in Figs. 18 and 19 provide 
temperature versus time data at various locations of a press forming apparatus 
employing cast-in heaters in accordance with the present invention. The press 

15 forming apparatus employing cast-in heaters required a total of two cast-in 
heaters, one on the lower die and one on the upper die. 

The temperature data set forth in the graphs was obtained from several 
thermocouples mounted in the die sets. With respect to the graphs of Figs. 16 and 
17, one thermocouple, identified as the punch probe in the graphs, was placed 

20 within the upper die towards the upper die forming surface to determine the 

forming surface temperature on the upper die. Another thermocouple, identified 
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as the die probe in the graphs, was placed within the lower die towards the lower 
die forming surface to determine the forming surface temperature on the lower 
die. A third thermocouple, identified as the punch heater in the graphs, was 
positioned to determine the temperature of the ring heater in the upper die. A 
5 fourth thermocouple, identified as die heater 1 in the graphs of Figs. 16 and 17, 

was positioned to determine the temperature of one of the ring heaters in the lower 
die. A final thermocouple, identified as die heater 2 in the graphs of Figs. 16 and 
17, was positioned to determine the temperature of the other ring heater in the 
lower die. 

10 With respect to the graphs of Figs. 18 and 19, one thermocouple identified 

as the punch probe in the graphs was placed within the upper die towards the 
upper die forming surface to determine the forming surface temperature on the 
upper die, and another thermocouple, identified as the die probe in the graphs, 
was placed within the lower die towards the lower die forming surface to 

15 determine the forming surface temperature on the lower die. A third 

thermocouple, identified as the punch heater in the graphs, was positioned to 
determine the temperature of the cast-in heater in the upper die. A final 
thermocouple, identified as the die heater in the graphs of Figs. 18 and 19, was 
positioned to determine the temperature of the cast-in heaters in the lower die. 

20 Figs. 16 and 18 provide the temperature data obtained from the various 

thermocouples during production of nine inch plates and upon ceasing press 
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formation of the plates (i.e., shutdown). The press forming apparatus were set up 
to achieve a temperature of approximately 320 °F at the forming surfaces. At time 
zero in Figs. 16 and 18, the press forming apparatus has been heated up and 
production of the plates is started. As can be seen from Fig. 16, the die probe and 

5 the punch probe sense during the first few minutes of production that the forming 
surface temperature at the upper and lower dies has fallen below the desired 
temperature of 320 °F. The ring heaters in the upper and lower dies thus 
experience a significant temperature spike in an attempt to raise the forming 
surface temperature at the upper and lower dies. The ring heater in the upper die 

10 ultimately reaches a maximum temperature of 910° F while the ring heaters in the 
lower die reach a maximum temperature of 696 °F and 746 °F. The operation of 
the ring heaters at these significantly high temperatures severely reduces the 
operational life of the ring heaters. 

As further shown in Fig. 16, when the production of plates is stopped (i.e., 

15 at press shutdown), there are no longer any moistened blanks and resulting formed 
plates to act as a heat sink and so the temperature at the forming surface of the 
upper die and the lower die increases. During this time, the forming surface of 
the upper die reaches a temperature of about 372°F while the forming surface of 
the lower die reaches a temperature of about 348 °F. When the production is 

20 shutdown only for a relatively short period of time (i.e., a period of time 

insufficient to allow the forming surfaces to cool down to any significant extent), 



-32- 

the forming surface temperatures will be in excess of the desired temperature 
when production is once again restarted, particularly with respect to the upper die 
forming surface. When the forming surface temperature greatly exceeds the 
desired forming surface temperature (e.g., approximately 320 °F) upon production 
5 restart, such as in the case of the upper die forming surface shown in Fig. 16, 
difficulties may arise in that, for instance, the product can delaminate or blister 
due to steam pressure within the moistened paperboard, or may not freely become 
separated from the forming surface. 

Within the operational cycle illustrated in Fig. 16, the maximum temperature 

10 at the forming surface of the lower die reached about 348 °F while the minimum 
temperature at the forming surface of the lower die reached about 309 °F. This 
means that the lower die forming surface temperature dropped 11°F below the 
desired surface temperature of approximately 320 °F and exceeded the desired 
surface temperature of approximately 320 °F by 28 °F. Thus, the forming surface 

15 temperature on the lower die varied over a range of about 39 °F. 

In addition, within the operational cycle illustrated in Fig. 16, the maximum 
temperature at the forming surface of the upper die reached about 372 °F while the 
minimum temperature at the forming surface of the upper die reached about 
286 °F. The upper die forming surface temperature thus dropped 34 °F below the 

20 desired surface temperature of approximately 320 °F and exceeded the desired 
surface temperature of approximately 320 °F by 52 °F. The upper die forming 
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surface temperature thus varied over a range of about 86°F. The 86°F variation 
in the forming surface temperature of the upper die can significantly hinder the 
press forming process from the standpoint of consistently producing high quality 
products meeting the desired specifications. 
5 Considering the graph in Fig. 18, the results associated with the use of cast- 

in heaters are quite different. When the die probe and the punch probe sense that 
the forming surface temperature at the upper and lower dies has fallen below the 
desired temperature of approximately 320°F, the cast-in heaters in the upper and 
lower dies increase in temperature to raise the forming surface temperature to the 

10 desired level. However, the temperature increase is not nearly as significant as in 
the case of the ring heaters, as the cast-in heater in the upper die reaches a 
temperature of only about 434 °F while the cast-in heater in the lower die reaches 
a temperature of only about 559 °F. Thus, the cast-in heaters do not experience 
the same significant temperature spikes as the ring heaters and are not operated at 

15 the same excessive levels as the ring heaters. 

As further shown in Fig. 18, upon stopping the production of plates (i.e., at 
press shutdown), the temperature at the forming surface of the upper die and the 
lower die increases. Within the operational cycle illustrated in Fig. 18, the 
maximum temperature at the forming surface of the lower die reached about 

20 349 °F while the minimum temperature at the forming surface of the lower die 
reached about 300 °F. The lower die forming surface temperature thus dropped 



-34- 

20 °F below the desired surface temperature of 320 °F and exceeded the desired 
surface temperature of approximately 320°F by 29°F, while varying over a range 
of 49 °F. In addition, within the operational cycle illustrated in Fig. 18, the 
maximum temperature at the forming surface of the upper die reached about 

5 328 °F while the minimum temperature at the forming surface of the upper die fell 
to about 305 °F. The upper die forming surface temperature thus dropped 15 °F 
below the desired surface temperature of approximately 320 °F and exceeded the 
desired surface temperature of approximately 320 °F by 8°F, varying over a range 
of 23 °F. Although the forming surface temperature at the lower die associated 

10 with the cast-in heater was generally about the same as in the case of the ring 

heaters, the forming surface temperature at the upper die associated with the use 
of the cast-in heater was significantly less than in the case of the ring heater. This 
means that the temperature of the forming surface on the upper die remains much 
closer to the desired temperature, thus providing a variety of benefits from the 

15 standpoint of consistently producing high quality products meeting desired 
production standards. 

The graphs in Figs. 17 and 19 provide temperature data obtained from the 
various thermocouples during standard heat-up of the press forming apparatus. 
These graphs once again illustrate the significant differences associated with the 

20 use of ring heaters and cast-in heaters. As seen in Fig. 17, as the start-up of the 
apparatus is initiated at time zero, the ring heater temperatures rise quickly and 
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significantly, ultimately reaching maximum temperatures of about 875 °F and 
about 8 16 °F for the lower die ring heaters and about 794 °F for the upper die 
heater. In contrast, as shown in Fig. 19, the upper die cast-in heater only reaches 
a temperature of about 546 °F and the lower die cast-in heater only reaches a 
temperature of about 453 °F. Thus, the cast-in heaters do not heat-up to nearly the 
same extent as the ring heaters which is an important benefit because as the heater 
is operated under greater and greater temperatures and for longer and longer 
periods of time, the heater degrades and its useful life is significantly reduced. 

Another benefit associated with the present invention is that cast-in heaters 
can be purchased with a wattage rating within recommended guidelines, thus 
resulting in significantly longer heater life. It has been found, for example, that 
one cast-in heater operated at 2800 watts can replace two ring heaters operating at 
approximately 4000 watts, thus allowing a possible electrical power and cost 
savings. In addition, because the connection to the electrical resistive element can 
be exterior of the cast-in heater, a more even heating is possible and cold spots do 
not arise. Further, the materials which can be used for the cast-in heater also 
provides more even heating. 

The cost of one cast-in heater is typically more than eight times the cost of 
one ring heater and so utilizing cast-in heaters in place of ring heaters is not what 
would commonly be considered a viable solution to the problem of die press 
downtime. However, by virtue of the unexpected results that have been realized, 
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this significant cost difference has been found to not be an impediment to using 
cast-in heaters for press forming food service containers. 

In one respect, it has been found that operational parameters can be met by 
using only a single cast-in heater in the upper die and the lower die, thus requiring 
5 only two cast-in heaters in each die set as opposed to the typical three of four ring 
heaters. Replacing three or four ring heaters with two cast-in heaters is also 
advantageous from the standpoint of producing lower probabilities of failures per 
die set and press, even if the life expectancy were the same, resulting in 
significantly less downtime and increased productivity. 

10 The economic or monetary benefits associated with reducing the downtime 

of the die press(es) is quite significant when considered in the context of 
commercial production. This is particularly so when it is considered that the die 
press(es) is typically running around the clock, twenty-four hours a day, seven 
days a week. Separate and apart from the difficulties that press down time creates 

15 with respect to around the clock production, press down time can also create 
significant problems in the case of seasonal production. Seasonal food service 
containers can typically only be produced and sold within a relatively small 
window of opportunity and so reduced output associated with press down time can 
significantly affect the ability to meet consumer demands for these seasonal 

20 products. 
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The tables in Figs. 20 and 21 show the results of a break-even cost analysis 
that was performed with respect to the use of ring heaters in a food service 
paperboard container forming apparatus versus the use of cast-in heaters in a 
similar apparatus. Fig. 20 illustrates the analysis results for die sets employing 

5 three ring heaters and Fig. 21 shows the analysis results for die sets employing 
four ring heaters. The analysis was performed based on a normal production 
output for a given product, an average die press downtime of 45 minutes to 
replace a failed heater, and considering that the die press is running around the 
clock, which is the case. Further, the analysis was based on a cost of $40 for 

10 each ring heater, a cost of $335 for each of the two cast-in heaters used in place of 
the three ring heater system and a cost of $390 for each of the two cast-in heaters 
used in place of the four ring heater system. The analysis is based on 
consideration of the lost production that occurs each time a heater fails and must 
be replaced. Thus, assuming a ring heater fails once a month, the analysis 

15 considers the amount of production that is lost as a result of that downtime and the 
cost associated with replacing the ring heater. Considering the significantly 
greater cost associated with the cast-in heater, the analysis then determines the 
minimum useful life the cast-in heater must exhibit to break-even. 

Referring to Fig. 20, it can be seen that if the ring heaters have a life of one 

20 month, the break-even cost for using the significantly more expensive cast-in 

heaters is 1.8 months. This means that if the ring heaters must be replaced every 
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month, it is possible to use cast-in heaters and break-even so long as the cast-in 
heaters have a useful life of at least 1.8 months. Similarly, if the ring heaters 
possess a useful life of 12 months (i.e., the ring heaters must be replaced once a 
year), it is possible to use cast-in heaters and break-even so long as the cast-in 
5 heaters have a useful life of at least 21.9 months. Experience has shown that the 
useful life of the ring heaters typically varies between a minimum of 2 months and 
a maximum of 9 months. Thus, the break-even analysis reveals that the use of 
cast-in heaters is economically beneficial if the cast-in heaters are able to operate 
without replacement for at least 16.4 months. To date, experimentation and 

10 testing have shown that the useful-life of the cast-in heaters in the context of 
fabricating food service paperboard containers exceeds the break-even point. 

The table in Fig. 21 sets forth the results of a similar analysis with respect to 
a four ring heater system and shows that the break-even point for the cast-in 
heaters is even less than in the three ring heater system. Fig. 22 is a graph of the 

15 results set forth in the tables of Figs. 20 and 21. 

In addition to the foregoing, there are also other significant advantages 
associated with the use of cast-in heaters in accordance with the present 
invention. . For example, cast-in heaters have significantly lower heater surface 
temperatures during heat up and production than in the case of, for example, ring 

20 heaters. Also, the maximum heater temperatures for the cast-in heater during 
standard die set heat up is on the order of about 200°F-800°F lower than ring 
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heaters. Further, cast-in heater temperatures during production of food serving 
paperboard plate products are on the order of about 150°F-600°F lower than ring 
heaters. It is also possible to realize electrical cost savings with the use of cast-in 
heaters due to their lower wattage and more efficient thermal transfer to the die 
5 set. 

Also, because the wire heater connection can be made exterior of the cast-in 
heater, wire breakage due to degradation of the wire from excessive temperature is 
not likely to occur. 

In addition, because cast-in heaters are not susceptible to many of the 

10 problems discussed above that are associated with the use of ring heaters in 

pressing apparatus that press form paperboard blanks into food serving paperboard 
container products, the cast-in heaters have a significantly longer useful life. This 
means that cast-in heaters need not be replaced with nearly the same frequency as 
ring heaters, thus advantageously reducing the down-time of the pressing 

15 apparatus and the resulting loss of product and profit potential. 

The principles, preferred embodiment and mode of operation of the present 
invention have been described in the foregoing specification. However, the 
invention which is intended to be protected is not to be construed as limited to the 
particular embodiment described. Further, the embodiment described herein is to 

20 be regarded as illustrative rather than restrictive. Variations and changes may be 
made by others, and equivalents employed, without departing from the spirit of 
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the present invention. Accordingly, it is expressly intended that all such 
variations, changes and equivalents which fall within the spirit and scope of 
invention be embraced thereby. 
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WHAT IS CLAIMED IS : 



1 LA pressing apparatus for producing from a paperboard blank a food 

2 service paperboard container having an overturned rim provided with folds, 

3 comprising: 

4 a first die that includes a first base and a first platform movable with respect 

5 to the first base, said first base having a curved surface for engaging an outer 

6 periphery of a paperboard blank; 

7 a second die positioned in opposing relation to the first die and including a 

8 second base and a second platform movable with respect to the second base, said 

9 second die being movable with respect to the first die, said second base having a 

10 curved surface for mating with the curved surface on the first die and engaging the 

1 1 outer periphery of the paperboard blank so that the outer periphery of the 

12 paperboard blank is pressed between the curved surface of the first base and the 

13 curved surface of the second base; 

14 a first cast-in heater mounted within a recess in the first die, the first cast-in 

15 heater including a resistor wire embedded within a thermally conductive cast-in 

16 material; and 

17 a second cast-in heater mounted within a recess in the second die, the second 

18 cast-in heater including a resistor wire embedded within a thermally conductive 

19 cast-in material. 
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1 2. The pressing apparatus according to Claim 1, wherein the recess in 

2 which the first cast-in heater is mounted is in the first base. 

1 3. The pressing apparatus according to Claim 2, wherein the recess in 

2 which the second cast-in heater is mounted is in the second base. 

1 4. The pressing apparatus according to Claim 1, wherein the cast-in 

2 material of the first and second cast-in heaters is a thermally conductive material. 

1 5. The pressing apparatus according to Claim 4, wherein the cast-in 

2 material of the first and second cast-in heaters is a ferrous or non-ferrous based 

3 alloy including an iron-based alloy, an aluminum-based alloy, a copper-based 

4 alloy, a magnesium-based alloy, a nickel-based alloy or a titanium-based alloy. 

1 6. The pressing apparatus according to Claim 1, wherein the resistor wire 

2 of the first and second cast-in heaters is a coiled resistor wire located within a 

3 sleeve. 



1 



2 



3 



7. The pressing apparatus according to Claim 1, wherein only a single 
cast-in heater is mounted in the first die and only a single cast-in heater is 
mounted in the second die. 
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1 8. A pressing apparatus for producing a food service paperboard 

2 container from a paperboard blank, wherein the paperboard container has an 

3 overturned rim provided with folds, comprising: 

4 a first die having a curved pressing surface; 

5 a second die positioned in opposing relation to the first die and having a 

6 curved pressing surface, at least one of said first and second dies being movable 

7 relative to the other of the first and second dies to cause an outer periphery of a 

8 paperboard blank to be pressed between the curved pressing surface of the first die 

9 and the curved pressing surface of the second die; and 

10 a cast-in heater mounted in either the first die or the second die. 

1 9. The pressing apparatus according to Claim 8, wherein the cast-in 

2 heater is mounted in a recess in the first die. 

1 10. The pressing apparatus according to Claim 9, wherein the first cast-in 

2 heater is mounted in the first die and including a second cast-in heater mounted in 

3 the second die. 
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1 11. The pressing apparatus according to Claim 8, wherein the cast-in 

2 heater includes a resistor wire embedded within a thermally conductive cast-in 

3 material. 

1 12. The pressing apparatus according to Claim 11, wherein the cast-in 

2 material is a ferrous or non-ferrous based alloy including an iron-based alloy, an 

3 aluminum-based alloy, a copper-based alloy, a magnesium-based alloy, a nickel- 

4 based alloy or a titanium-based alloy. 

1 13. The pressing apparatus according to Claim 11, wherein the resistor 

2 wire is a coiled resistor wire located within a sleeve. 

1 14. The pressing apparatus according to Claim 8, wherein a single cast-in 

2 heater is mounted in the first die and a single cast-in heater is mounted in the 

3 second die. 



1 



2 



3 



15. The pressing apparatus according to Claim 8, wherein the first die 
includes a first base and a first platform movable with respect to the first base, 
said curved surface being provided on said first base. 
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1 16. The pressing apparatus according to Claim 8, wherein the second die 

2 includes a second base and a second platform movable with respect to the second 

3 base, said curved surface being provided on said second base. 



-46- 

ABSTRACT OF THE DISCLOSURE 

A pressing apparatus for producing a food service paperboard container 
from a paperboard blank so that the paperboard container possesses an overturned 
rim provided with folds includes a first die and a second die that are movable 
relative to one another. The first die includes a first base and a first platform that 
is movable with respect to the first base, with the first base having a curved 
surface for engaging the outer periphery of the paperboard blank. The second die 
is positioned in opposing relation to the first die and includes a second base and a 
second platform that is movable with respect to the second base. The second die 
is movable with respect to the first die and the second base has a curved surface 
for engaging the outer periphery of the paperboard blank so that the outer 
periphery of the paperboard blank is pressed between the curved surface of the 
first base and the curved surface of the second base. A first cast-in heater is 
mounted within a recess in the first die and includes a resistor wire embedded 
within a thermally conductive cast-in material. A second cast- in heater is mounted 
within a recess in the second die and includes a resistor wire embedded within a 
thermally conductive cast-in material. 
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY 
(Includes Reference to Provisional and PCT International Applications) 



Attorney's Docket No. 
013550-069 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name; 

r I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if plural 
names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention entitled: 

- FOOD SERVING PAPERBQARD CONTAINER PRESSING 



APPARATUS EMPLOYING CAST-IN ELECTRICAL HEATERS 



the specification of which (check only one item below): 
□ is attached hereto. 
m was filed as United States application 



Number 



on December 3, 1999 



and was amended 
on 



was filed as PCT international application 

Number 

on 



(if applicable). 



and was amended 
on 



(if applicable). 



, I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as 
: amended by any amendment referred to above. 

: I acknowledge the duty to disclose to the Office all information known to me to be material to patentability as defined in Title 37, 
; Code of Federal Regulations, §1.56. 

LI; hereby claim foreign priority benefits under Title 35, United States Code, §119 (a)-(e) of any foreign application(s) for patent or 
__ inventor's certificate or of any PCT international application(s) designating at least one country other than the United States of 
" America listed below and have also identified below any foreign application(s) for patent or inventor's certificate or any PCT 
^ international application(s) designating at least one country other than the United States of America filed by me on the same 
subject matter having a filing date before that of the application(s) of which priority is claimed: 



PRIOR FORE1GN/PCT APPLICATION(S) AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. §119: 



COUNTRY 
(if PCT, indicate "PCT") 



APPLICATION NUMBER 



DATE OF FILING 
(day, month, year) 



PRIORITY CLAIMED 
UNDER 35 U.S.C. §119 



Yes 



No 



Yes 



No 



Yes 



No 



Yes 



.No 



Yes 



No 



I hereby claim the benefit under Title 35, United States Code § 119(e) of any United States provisional application(s) listed below. 



60/111,568 



(Application Number) 



December 9, 1998 



(Filing Date) 



(Application Number) 



(Filing Date) 
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY (CONTINUED) 
(Includes Reference to Provisional and PCT International Applications) 



Attorney's Docket No. 
013550-069 



I hereby claim the benefit under Title 35, United States Code, §120 of any United States applications(s) or PCT international 
application(s) designating the United States of America that is/are listed below and, insofar as the subject matter of each of die 

- claims of this application is not disclosed in that/those prior application(s) in the manner provided by the first paragraph of Title 
35, United States Code, §112, I acknowledge the duty to disclose to the Office all information known to me to be material to the 
patentability as defined in Title 37, Code of Federal Regulations §1.56, which became available between the filing date of the prior 

' apphcation(s) and the national or PCT international filing date of this application: 



PRIOR U.S. APPLICATIONS OR PCT INTERNATIONAL APPLICATIONS DESIGNATING THE U.S. FOR BENEFIT UNDER 35 U.S.C. 120: 



U.S. APPLICATIONS 



STATUS (check one) 



U.S. APPLICATION NUMBER 



U.S. FILING DATE 



ABANDONED 



PCT APPLICATIONS DESIGNATING THE U.S. 



PCT APPLICATION NO. 



PCT FILING DATE 



U.S. APPLICATION NUMBERS 
ASSIGNED (if any) 



thereby appoint the following attorneys and agent(s) to prosecute said application and to transact all business in the Patent and 
trademark Office connected therewith and to file, prosecute and to transact all business in connection with international applications 
directed to said invention: 



: ' William L. Mathis 
Robert S. Swecker 

;; Platon N. Mandros 

, Benton S. Duffett, Jr. 
Norman H. Stepno 

I Ronald L. Grudziecki 

j Frederick G. Michaud, 

■ Alan E. Kopecki 
Regis E. Slutter 

; Samuel C. Miller, III 

; - Robert G. Mukai 
George A. Hovanec, Jr 
James A. LaBarre 
E. Joseph Gess 



17,337 R. Danny Huntington 

19,885 Eric H. Weisblatt 

22,124 James W. Peterson 

22,030 Teresa Stanek Rea 

22,716 Robert E. Krebs 

24,970 William C. Rowland 

Jr. 26,003 T. Gene Dillahunty 

25,813 Patrick C. Keane 

26,999 Bruce J. Boggs, Jr. 

27,360 William H. Benz 

28,531 Peter K. Skiff 

28,223 Richard J. McGrath 

28,632 Matthew L. Schneider 

28,510 Michael G. Savage 



27,903 
30,505 
26,057 
30,427 
25,885 
30,888 
25,423 
32,858 
32,344 
25,952 
31,917 
29,195 
32,814 
32,596 



Gerald F. Swiss 
Michael J. Ure 
Charles F. Wieland III 
Bruce T. Wieder 
Todd R. Walters 
Ronni S. Jillions 
Harold R. Brown III 
Allen R. Baum 
Steven M. du Bois 
Brian P. O'Shaughnessy 



30,113 
33,089 
33,096 
33,815 
34,040 
31,979 
36,341 
36,086 
35,023 
32,747 



21839 



and: 



Address all correspondence to: 



21839 



B. Jefferson Boggs, Jr., Esquire 

Burns, Doane, Swecker & Mathis, L.L.P. 

P.O. Box 1404 

Alexandria, Virginia 22313-1404 



Address all telephone calls to: B. Jefferson Boggs, Jr. at ( 703 j §36-6620 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued thereon 
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FULL NAME OF SOLE OR FIRST INVENTOR 
Bruce R, SMITH 


SIGNATURE 


DATE 


RESIDENCE 
Fairfield, Connecticut 


CITIZENSHI 
U.S.A. 


P 


POST OFFICE ADDRESS 

270 Old Post Road, Fairfield, Connecticut 06430 




rULL NAME OF SECOND JOINT INVENTOR, IF ANY 
Albert D. JOHNS 


SIGNATURE 


DATE 


RESIDENCE 
Saylorsburg, Pennsylvania 


CITIZENSHI 
U.S.A. 


P 


POST OFFICE ADDRESS 

RR5, Box 5416, Saylorsburg, Pennsylvania 18353 




FULL NAME OF THIRD JOINT INVENTOR, IF ANY 
Mircea SOFRONIE 


SIGNATURE 


DATE 


RESIDENCE 
Easton, Pennsylvania 


CITIZENSHI 
Romania 


P 


POST OFFICE ADDRESS 

2814 Liberty Street, Easton, Pennsylvania 18045 




FULL NAME OF FOURTH JOINT INVENTOR, IF ANY 
Mark B. LITTLEJOHN 


SIGNATURE 


DATE 


I^ESIDENCE 1 ■" 
Appleton, Wisconsin 


CITIZENSHI] 
U.S.A. 




P( 


>ST OFFICE ADDRESS 

30 West Applegate Drive, Appleton, Wisconsin 54914 


FULL NAME OF FIFTH JOINT INVENTOR, IF ANY 
Thomas W. ZELINSKI 


SIGNATURE 


DATE 


RESIDENCE 
Menasha, Wisconsin 


CITIZENSHI! 
U.S.A. 




POST OFFICE ADDRESS 

735 London Street, Menasha, Wisconsin 54952 
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